We assessed the suitability of human cadavers preserved using Thiel's method for teaching flexible fibreoptic tracheal intubation. Thirty-one anaesthetists unacquainted with this technique received didactic teaching followed by handling of the fibrescope on the Oxford teaching box. They then carried out fibreoptic intubations in two cadavers to establish a baseline sample of their intubation skills. Thereafter, we randomly assigned the trainees to two groups to practice fibreoptic intubation either on two distinct cadavers or on two airway manikins. After 7 days we re-assessed procedural skills using the same cadavers as at baseline. Intubation time was the primary outcome and secondary outcomes included the incidence of failed intubations. We also evaluated trainee satisfaction. The mean (SD) intubation time decreased from a baseline value of 74 (20) s to 35 (6) s in the cadaver group and to 56 (16) s in the manikin group. The effect of 'time' was significant (p = 0.002), indicating that both methods of training led to improvements. The training effect of the cadaveric method was greater than with the manikin method (p = 0.0016). Thirty-four failed intubations occurred at baseline vs. eight at the end of study (RR 0.24,, p = 0.0002, NNT 9.6); six in the cadaver group and two in the manikin group (p = 0.22). We conclude that human cadavers preserved using Thiel's method are potentially better for teaching flexible fibreoptic tracheal intubation compared with manikins.
Introduction
Despite the increasing popularity of supraglottic airway devices (SAD) and videolaryngoscopes, flexible fibreoptic intubation has remained the gold standard and the technique of choice for the non-emergency management of the difficult airway in the spontaneously-breathing patient [1, 2] . Therefore, competence in fibreoptic intubation is an important part of the anaesthetic curriculum. Traditionally, novices acquired this technique in anaesthetised patients undergoing surgery, but today these opportunities are limited because there are fewer cases due to the use of alternative techniques, in addition to busy operating schedules, and patient refusal [3, 4] . Simulation-based education of fibreoptically-guided intubation for novices outside the operating theatre has been shown to be effective, but the optimal organisation of such training is still debated [5] . Several simulation modalities have been advocated, including: simple models (Oxford teaching box) designed to refine the manipulation skills fibreoptic scope; body-part manikins; virtual reality simulators; fresh frozen cadaver models; and 'live cadaver' model. Each has been successfully used for teaching fibreoptic intubation [6] [7] [8] [9] [10] [11] [12] .
The literature suggests that simulation is an appropriate method for teaching fibreoptic intubation and facilitates its transfer to the clinical setting [13] [14] [15] . Cadaver models have the advantage over manikins of realistically reflecting patients' airway anatomy, compliance and appearance, but have not received wide acceptance because of ethical considerations, the short period of availability of the fresh cadavers and the risk of infection and smell. Cadavers 'Preserved According to Thiel's Embalming Method' (PATEM) [16, 17] present fewer of these problems and meet high standards of preservation. In a previous study, we found the cadaver PATEM model suitable for simulation of facemask ventilation, direct laryngoscopy and tracheal intubation [18] . In the current study, we wished to compare this cadaver model with airway manikins for teaching fibreoptically-guided intubation to novices.
Methods
We have considered the recommendations of the STROBE statement in the report of this prospective, two parallel-arm, randomly-allocated, controlled laboratory investigation (http://www.strobe-statement. org). The Regional and Institutional Committee of Science and Research Ethics at the Semmelweis University of Budapest, Hungary approved the trial. We carried out the study in the Clinical Anatomy Research Laboratory of the Department of Anatomy, Histology and Embryology of Semmelweis University, Budapest, Hungary between April and June 2016. Each cadaver was donated to the Department of Anatomy, Histology and Embryology by the patient before they died; the donors gave written consent on the use of their body for education and for research. According to Hungarian legislation, the deceased is a 'patient', and special enforcement of patients' rights took place in relation to the bodies.
Thirteen cadavers were available in the Department of Anatomy, Histology and Embryology. We selected four bodies for the current investigation. The cadavers were submerged in Thiel's solution and were removed from the containers three days before the intervention. First, the bodies were placed in the prone position in order to empty the liquid from their airway. Then, the cadavers were returned to the supine and head-up position to diminish tissue oedema. When not used, the bodies were wrapped in a wet drape and put in a plastic bag and stored at + 1 to + 4°C. As evidenced previously, their architecture, tissue compliance and oedema did not change over time (Table 1) . Two cadavers 'A' and 'B' served for measuring trainees' performance. Two other cadavers 'C' and 'D' were used for practising fibreoptic intubation. In the other arm of the study, two body-part manikins were used exercising: (1) We recruited 36 anaesthetists unacquainted with fibreoptic intubation who gave written informed consent to participate in the study. Teaching took place in small groups of four to six participants. The course consisted of three stages ( Fig. 1. ) [19] . First, we provided a didactic explanation with slide and video presentation, followed by handling of fibrescope on the Oxford teaching box (Pharmabotics Ltd, Rownest Wood Lane, Woodmancott, Winchester, SO21 3BN, UK). Then, we measured the baseline skills of trainees (first stage, cognition). They carried out eight intubation attempts in two cadavers ('A' and 'B') and we measured intubation time, from insertion of scope to the first ventilation of the lungs confirmed by chest movement. We then randomly assigned the trainees in two groups to practice either in two distinct cadavers ('C' and 'D') or on two airway manikins (second stage, integration). The training sessions were assisted by instructors. As we taught one group the same day, the course spanned 6 days. Thereafter, we included a 7-day pause for each participant. At the end of the study, we assessed the evolution of trainees in procedural skills (third stage, automatism). At this time, each trainee repeated the baseline procedure on cadavers 'A' and 'B'; we then compared intubation times with those obtained at baseline.
We defined a failed intubation if the procedure took > 180 s or more than two attempts. In addition to intubation time, we used a global rating scale (GRS) [5, 19] for the assessment of procedural skills. One of Figure 1 Design and timing of the study.
the investigators observed the procedure on the screen of the fibreoptic device, but did not intervene. He evaluated the view of the central airway, mucosal contact, the progress of the scope and its orientation, and gave a number from 1 to 5 for each criterion. Also, we asked the trainees to evaluate the procedure according to a verbal rating scale (VRS) from 1 to 10 (1 is unacceptable and 10 is perfect). Six months later, we asked the participants in a questionnaire about their clinical practice of fibreoptic intubation. The primary efficacy variable was the intubation time. We estimated that a single, structured education would enable novices to perform a fibreoptically guided intubation in cadavers in a reasonable time (< 3 min). We assumed that further training in cadavers or in manikins would result in a 30% reduction in intubation time. Using an a-error of 5% and a power of 90%, at least 18 participants per group would be necessary.
We carried out block randomisation. Eighteen cards were labelled 'cadaver group' and another 18 'manikin group' and put in an envelope. Each participant pulled out a card from the envelope after baseline evaluation.
We used descriptive statistic for participant characteristics. We measured intubation time in seconds and verified the data for normality. Since the trainees carried out several intubations, we calculated the average of intubation times for individual participants; thus, each trainee had one time assigned at baseline and another at the end of study. We used repeated measures ANOVA to tell us whether there was a change in intubation time before/after education and whether the methods differed at the end of the study [20] . We calculated the relative risk (RR), the 95% confidence interval (CI) and the number needed to treat (NNT) for comparing failed intubations at the end of study vs. baseline. We used the Chi-square test to compare the incidence of failed intubations between the cadaver and manikin group and the Mann-Whitney U-test for the analysis of GRS and VRS. We considered p < 0.01 as significant. MedCalc version 17. 8. 6 (MedCalc Software bvba., Ostend, Belgium). and Past 3.07 (Softpedia â , Hammer, Paleontological Studies, Software Package) software were used for statistical analysis.
Results
Of the 36 anaesthetists recruited for the study, 31 completed the trial. The mean (SD) age of participating anaesthetists was 29.3 (2.1) years and 31.2 (5.5) years, the male/female ratio was 8/9 and 6/8 in the cadaver and manikin group, respectively. Participants in the cadaver group had 3.7 (2.5) years experience in anaesthesia vs. 4.1 (2.3) years in the manikin group. Each anaesthetist had at least one airway training session beforehand, but this did not include flexible fibreoptic intubation.
Regarding the primary outcome, intubation time at baseline was 74 (20) s (n = 31) which decreased by 53% at the end of study to 35 (6) s in the cadaver group (n = 17). In the manikin group, intubation time at the end of study was 56 (16) s a 24.4% reduction compared with baseline (n = 14). The effect of time was therefore significant (F = 31.4, p = 0.002), indicating that both methods of training led to improvement. The absolute difference in intubation time between the two training groups was 21 s (95%CI 12-29 s) . The interaction between 'method' and 'time' was significant (p = 0.0016) indicating that the training effect of the cadaveric method was greater than that of the manikin method.
There were 34 (13.7%) failed intubations at baseline vs. eight (3.2%) at the end of study (RR 0.24, 95% CI 0.1-0.5, p = 0.0002, NNT 9.6), of which six were in the cadaver group and two were in the manikin group. Of note, the time taken in failed intubations are not included in the individual intubation times. The incidence of failed intubations in the two groups was not statistically different (2.8%, 95%CI 2.6-8.1, p = 0.22).
The median (IQR [range]) GRS was 13 (10-15 [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] ) at baseline and 17 (16-18 [8-20] ) at the end of the study (p < 0.001). The VRS recorded in the evaluation at baseline was 8 (7-9 [5-10]) vs. 9 (8-10 [7] [8] [9] [10] ) at the end of the study (p = 0.006). Interviews with participants revealed their preference for the cadaver model.
During six months of follow-up, 12 fibreoptic intubations were carried out in patients by the participants. All but one of them was trained in the cadaver group, perhaps implying a greater propensity to undertake fibreoptic intubations. Four intubations were carried out in awake patients and eight in patients under general anaesthesia. The success rate was 10 out of 12. Both unsuccessful intubation attempts occurred in anaesthetised patients.
Discussion
We have confirmed that human cadavers, appropriately preserved, are potentially more effective than manikins for learning fibreoptic intubation outside the operating room.
A range of simulators is available for teaching airway management, from virtual computer programmes [9] to full body-size manikins [12, 18] . There is evidence to support practise using simulators before clinical application [8] . However useful simulators may be to teach flexible fibreoptic intubation, they are different to human anatomy and thus are suboptimal for acquiring transferable skills to clinical settings. Simulation in different human cadaver models has been attempted with success [7, 10, 12, 18] . Although there is evidence to support the use of embalmed cadavers for the teaching of fibreoptic intubation alone or with other devices, Thiel's model has not been studied for this purpose [7, 21] .
Recently, we validated our cadaver model for simulation of facemask ventilation and tracheal intubation by direct laryngoscopy [18] . In 1992, Thiel published the preservation of complete human cadavers in natural colours [16] which meets high standards of preservation without releasing harmful substances, infection or smell. These cadavers can be stocked in a 'container solution' for months and used for education as necessary. The consistency and transparency of the tissues is well preserved. Feigl et al. carried out fibreoptic bronchoscopy on these cadavers and documented life-like airways but they did not perform intubation of the trachea [17] . The cadavers are very different from each other.
The intubation times measured in the current study are comparable with previously reported values [6, [22] [23] [24] . There is agreement that performance of about 50 intubations is needed to reach proficiency [3] . Participants in our study executed 48 intubations -a little below this norm -but were able to perform this in patients thereafter.
A limitation of the cadaver technique is that, in clinical practice, patients may salivate, cough, bleed or regurgitate gastric contents during the procedure. Misted optic lenses, broken devices [25] or hypoxia [26] may further complicate the intervention. Adequate anaesthesia (both local and general) is important for smooth bronchoscopy and for ease of insertion of the tube into the trachea. In paralysed patients, time is a constraint, thus oxygen administration must be a routine. Therefore, in clinical practice, a successful intubation may take more than 3 min, which was the arbitrary time we chose as our cut-off for 'failed intubation'. Furthermore, the use of cadavers is limited due to the special conditions required for them. Nevertheless, university centres might have the infrastructure necessary to prepare these cadavers which can be used not only for simulation of airway management but also for several other educational purposes in anaesthesia and surgery. In addition, the cost of a cadaver may be less than that of an airway simulator.
Although our data suggest potential, we do not yet know the best place for our teaching method, and whether cadavers could replace or enhance manikinbased teaching. Perhaps the latter could, in the future, be used as the preliminary method, and cadavers used at a later stage, to refine skills before application in patients.
